Summary The association between the intake of nitrate or nitrite and gastric cancer risk was investigated in a prospective cohort study started in 1986 in the Netherlands, of 120 852 men and women aged 55-69 years. At baseline, data on dietary intake, smoking habits and other covariates were collected by means of a setf-administered questionnaire. For data anatysis, a case-cohort approach was used, in which the person-years at risk were estimated from a randomly selected subcohort (1688 men and 1812 women). After 6.3 years of follow-up, 282 microscopicalty confirmed incident cases of stomach cancer were detected: 219 men and 63 women. We did not find a higher risk of gastric cancer among people with a higher nitrate intake from food [rate ratio (RR) highest/lowest quintile = 0.80, 95% Cl 0.47-1.37, trend-P = 0.18], a higher nitrate intake from drinking water (RR highestAowest quintile = 0.88, 95% Cl 0.59-1.32, trend-P = 0.39) or a higher intake of nitrite (RR highestAowest quintile = 1.44, 95% Cl 0.95-2.18, trend-P = 0.24). Rate ratios for gastric cancer were also computed for each tertile of nitrate intake from foods within tertiles of vitamin C intake and intake of beta-carotene, but no consistent pattem was found. Therefore, our study does not support a positive association between the intake of nitrate or nitrite and gastric cancer risk. Both ascorbic acid and beta-carotene may act as scavengers for free radicals. thus preventing oxidative damage in gastric mucosa and mutations in DNA (Kyrtopoulos. 1987). Furthermore, the conversion of nitrate to nitrite may be inhibited by storage of foods in the refrigerator or freezer (Boeing. 1991 ). Other factors such as smoking habits, socioeconomic status. family history of stomach cancer and prevalence of stomach disorders may confound the association between nitrate or nitrite intake and gastric cancer risk (Boeing et al. 1991 : Palli et al, 1994 : Kono and Hirohata. 1996 : van Loon et al. 1998 . Numerous epidemiological studies which have been undertaken on the association between nitrate intake and gastric cancer risk show a lack of consistency (Jensen. 1982 : Clough. 1983 : Gilli et al. 1984 : Beresford. 1985 : Risch et al. 1985 : Buiatti et al. 1990 : Boein, et al. 1991: Leclerc et al. 1991 : Palli et al. 1992 : Rademacher et al. 1992 : Xu et al. 1992 : Gonzalez et al. 1994 : Hansson et al. 1994 : La Vecchia et al. 1994 : Pobel et al. 1995 However. in most of these studies high nitrate consumption via ingested food showed no association with gastric cancer risk or even an inverse association. This finding might result from the fact that vegetables -the main source of nitrate -also contain vitamin C and beta-carotene. which appear to be protective factors for gastric cancer. Therefore, intake of nitrate from foods must be studied separately from intake of nitrate from drinking water. which does not contain protective substances.
Ox er the past 20y ears there has been an accumulation of nitrate in vegetables due to the methods of cultivation. Moreover. nitrate content in drinking water has been increasing as a consequence of the extensive use of artificial fertilizers. This accumulation of nitrate has again raised the question whether high intake of nitrate leads to specific health risks. especially gastric cancer (Gangolli et al. 1994 ). In the Netherlands. the main sources of nitrate are leafy and other veaetables, potatoes and drinking, water (van Loon and van Klaveren. 1991) . In addition, both nitrite and nitrate are used as food additives in cheese and cured meats. It is not nitrate per se. but metabolites of nitrate. which are known carcinogens. Nitrate can be converted into nitrite. which can react with secondary amines or amides to produce carcinogaenic N-nitroso compounds.
In the Netherlands. estimations of the nitrate intake vary between 52 mg nitrate ion day-' (Ellen et al. 1990 ) and 131 mg nitrate ion day-' (Stephany and Schuller. 1978) . The intake of nitrite is estimated as between 0.1 Ige nitrite ion per day (Ellen et al. 1990 ) and 5.2 mg nitrite ion day-' (Stephany and Schuller. 1978) . As about 5% of all ingested nitrate is converted to nitrite (Forman. 1987) .
there is usually a greater exposure to nitrite from the reduction of nitrate than from exogenous intake. Approximately 20% of the nitrite that enters the stomach arises directly from nitrite in the diet and 80% arises from the reduction of salivary nitrate (Mirvish. 1983). Nevertheless. dietary nitrite increases gastric nitrite levels when nitrosatable compounds are ingested. whereas this situation is only partly true for salivary nitrite (Mirvish. 1983) . Therefore, it is relevant to study the intake of both nitrate and nitrite in relation to gastric cancer risk.
Received 6 October 1997 Revised 3 December 1997 Accepted 7 January 1998 Correspondence to: AAM Botterweck Several factors can influence the conversion of nitrate to nitrite and N-nitroso compounds. Ascorbic acid can inhibit nitrosation by acting as a competitive substrate for nitrite (Mirvish et al. 1972 ).
Both ascorbic acid and beta-carotene may act as scavengers for free radicals. thus preventing oxidative damage in gastric mucosa and mutations in DNA (Kyrtopoulos. 1987) . Furthermore, the conversion of nitrate to nitrite may be inhibited by storage of foods in the refrigerator or freezer (Boeing. 1991 ) . Other factors such as smoking habits, socioeconomic status. family history of stomach cancer and prevalence of stomach disorders may confound the association between nitrate or nitrite intake and gastric cancer risk (Boeing et al. 1991 : Palli et al, 1994 : Kono and Hirohata. 1996 : van Loon et al. 1998 . Numerous epidemiological studies which have been undertaken on the association between nitrate intake and gastric cancer risk show a lack of consistency (Jensen. 1982 : Clough. 1983 : Gilli et al. 1984 : Beresford. 1985 : Risch et al. 1985 : Buiatti et al. 1990 : Boein, et al. 1991 : Leclerc et al. 1991 : Palli et al. 1992 : Rademacher et al. 1992 : Xu et al. 1992 : Gonzalez et al. 1994 : Hansson et al. 1994 : La Vecchia et al. 1994 : Pobel et al. 1995 However. in most of these studies high nitrate consumption via ingested food showed no association with gastric cancer risk or even an inverse association. This finding might result from the fact that vegetables -the main source of nitrate -also contain vitamin C and beta-carotene. which appear to be protective factors for gastric cancer. Therefore, intake of nitrate from foods must be studied separately from intake of nitrate from drinking water. which does not contain protective substances.
So far. epidemiological studies on nitrate intake and gastric cancer risk have been ecological or case-control in design. in which problems arise with control for confounding. the long, latency period and the accurate recall of information on food intakes. Some of these problems can be overcome in prospective cohort studies. The Netherlands Cohort Study (NLCS) is a prospective study on diet and cancer in which most relevant information was available to study the association between the intake of nitrate (from foods and drinking water) and the intake of nitrite and gastric cancer risk. with control for potential confounders.
MATERIALS AND METHODS The Cohort Study
The NLCS on diet, other lifestyle characteristics and cancer risk started in September 1986. The cohort included 58 279 men and 62 573 women aged 55-69 years at the beginning of the study. Data were collected by means of a self-administered questionnaire. A detailed description of the cohort study design has been reported elsewhere (van den Brandt et al. 1990a) . For data analysis, the case-cohort approach was used, in which gastric cancer cases were derived from the entire cohort (cohort cases). whereas the person-years at risk were estimated from a random sample of 3500 subjects (subcohort). After the baseline exposure measurement, the subcohort was randomly sampled (1688 men and 1812 women) and was followed up biennially for vital status information. Follow-up for incident cancer has been established by record linkage with all regional cancer registries in the Netherlands and with a national pathology register (PALGA). The method of record linkage has been described previously (van den Brandt et al, 1990b ). The analysis is restricted to gastric cancer incidence in the period from September 1986 to December 1992. During these 6.3 years of cohort follow-up. 347 stomach cancer cases were detected. We excluded self-reported prevalent cancer cases other than skin cancer (n = 33). cases with in situ carcinoma (n = 2) and cases without microscopically confirmed diagnosis (n = 2). Therefore. 310 incident cohort cases (242 males and 68 females) were available for analysis. Self-reported prevalent cancer cases other than skin cancer were also excluded from the subcohort. with the result that 3346 subjects (1630 men and 1716 women) remained in this group. Finally, subjects with incomplete or inconsistent dietary data were excluded. leaving 282 cohort cases (219 men and 63 women) and 3123 subcohort members (1525 men and 1598 women) available for the analyses.
Intake of nitrate and nitrite
The participants. usual consumption of food and beverages during the year preceding the start of the study was assessed at baseline with a 150-item semiquantitative food frequency questionnaire. This questionnaire had been validated against a 9-day diet record (Goldbohm et al. 1994) Nitrate and nitrite intake and gastric cancer 131 The association between covariates and nitrate intake from foods, nitrate intake from drinking water or nitrite intake was studied in the subcohort (Table 2) . Proportionally, more men were found in the higher quintiles of nitrate intake and proportionally more people with only primary school education were found in the lowest quintile of nitrate intake from foods. Also, a correlation was found between the prevalence of stomach disorders and nitrate intake from foods. Moreover, nitrate intake from foods was positively correlated with the intake of beta-carotene and vitamin C. Nitrate intake from drinking water was positively correlated with use of freezer (% never), coffee consumption (%> 4 cups per day) and intake of vitamin C. Regarding nitrite intake, proportionally more men were found in the higher quintiles and the percentage of never smokers was higher within the lower quintiles of nitrite intake. Furthermore, nitrite intake was inversely correlated with family history of stomach cancer (% ever) and use of freezer (% never).
The results of the age-and sex-adjusted analyses are presented in Table 3 . There was a non-significant inverse association between nitrate intake from foods and gastric cancer risk (RR (Table 3) . After adjustment, there was still a non-significant inverse association between nitrate intake from foods and gastric cancer risk (RR highest/lowest quintile = 0.80. 95% CI 0.47-1.37, trend-P = 0.18).
Nor did the association between total nitrate intake and gastric cancer risk change after additional adjustment (RR highest/lowest quintile = 0.90, 95% CI 0.53-1.55. trend-P = 0.30). Regarding nitrate intake from drinking water and gastric cancer risk, the rate ratio in the highest quintile changed marginally to 0.88 (95% CI = 0.59-1.32. trend-P = 0.39). The association between nitrite intake and gastric cancer risk was still ambiguous.
The non-significant inverse association between nitrate intake from foods and gastric cancer risk was thought to be due to a protective effect of vegetables like vitamin C and beta-carotene. Table 4 Rate ratios (95% Cl) for gastic cancer accrng to nitrate intake from foods (tertiles), within terties of vitarin C intake and tertiles of beta-carotene intake (1 = bw, 3 = high) wle of vitunin C htake of beta-cmrotn Therefore, we have studied the association between nitrate intake from foods and gastric cancer risk within tertiles of vitamin C intake and within tertiles of beta-carotene intake, based on the distribution in the subcohort (Table 4) . For these analyses adjustment was made for age and sex. Within each tertile of vitamin C intake or intake of beta-carotene we expected a positive association between nitrate intake and gastric cancer risk, but no consistent patern was found.
We have also studied the association between nitrate intake from foods or dinking water and gastric cancer risk after excluding people with stomach disorders, because the conversion of nitrate to nitrite could be affected due to the prevalence of stomach disorders (Correa, 1988) . Regarding nitrate intake, this did not change the point estimates substantially, whereas the rate ratio for gastric cancer in the highest quintile of nitrite intake decreased after exclusion of people with stomach disorders (RR highest/lowest quintile 1.26, 95% CI 0.82-1.92, trend-P = 0.53). Moreover, we have considered the potential influence of preclinical cancer on the intake of nitrate and nitrite by excluding all cases that occurred in the first year of follow-up. The relative rates of gastric cancer in the multivariate analysis were 1.00, 1.09, 0.64, 0.92 and 0.91 for increasing quintiles of nitrate intake from foods (trend-P = 0.44). The multivariately adjusted rate ratios for quintiles of nitrite intake were 1.00, 1.21, 1.05, 0.76 and 1.34 (trend-P = 0.56) for those diagnosed after the first year.
DISCUSSION
We did not find a higher risk of gastric cancer for people with a higher intake of nitrate from foods or drinking water or a higher intake of nitrite. Adjustment for potential confounders did not change the association between nitrate or nitrite intake and gastric cancer risk substantially. Fmially, when we analysed the association between nitrate intake from foods and gastnc cancer risk within tertiles of vitamin C intake or intake of beta-carotene, no clear pattern emerged.
As mentioned already, most studies on nitrate or nitrite intake and gastric cancer risk have been ecological studies or case-control studies. As far as we know, no cohort study has been conducted on nitrate or nitrite intake and gastric cancer risk. Ihe ecological studies investigated the association between nitrate in drinking water and gastric cancer risk in several European countries. In studies conducted in Denmark (Jensen, 1982) and Italy (Gilli et al, 1984) , a positive associaton was reported between nitrate intake from drinking water and gastric cancer incidence. Ecological studies in the UK (Clough, 1983) and France (Leclerc et al, 1991) showed no clear associations, whereas anothr study in the UK (Beresford, 1985) showed an inverse association between nitrate intake from drinking water and gastric cancer mortality. In all studies adjustment was made for age and sex and in the study of Beresford (1985) adjustment was also made for socioeconomic status. There were only small differences in median nitrate levels in drinking water in the different countries. Therefore, this could not explain these inconsistent findings. In two studies a latency period between exposure to nitrate and gastric cancer risk was taken into account (Jensen, 1982; Clough, 1983) . This too could not explain the inconsistent results.
Case-control studies have mainly investigated the association between nitrate or nitrite from foods and gastric cancer risk (Risch et al, 1985; Buiatti et al, 1990; Boeing et al, 1991; Palli et al, 1992; Gonzalez et al, 1994; Hansson et al, 1994; La Vecchia et al, 1994; Pobel et al, 1995) . In most studies a statistically significant inverse association was reported between nitrate intake from foods and gastric cancer risk (Risch et al, 1985; Buiatti et al, 1990; Boeing et al, 1991; Gonzalez et al, 1994; Hansson et al, 1994; La Vecchia et al, 1994) , which disappeared after additional adjustment for potential confounders (mainly intake of vitamin C and beta-carotene). In all case-control studies on nitrate and gastric cancer risk, a positive association was reported (Risch et al, 1985; Buiatti et al, 1990; Gonzalez et al, 1994; Hansson et al, 1994; La Vecchia et al, 1994; Pobel et al, 1995) which reduced after adjustment for intake of other nutrients.
Nitrate intake from drinking water was studied only in three case-control studies. Boeing et al, (1991) used the source of drinking water (private vs central) as a proxy for nitrate levels in inking water. They reported a significantly elevated risk for users of well water compared with users of central water supplies. Rademacher et al (1992) found no association between central or private water sources and gastric cancer risk. However, the mean nitrate contents in drinking water were apparently low (average in private wells: 2.42 mg NO3--N 1-', s.d. = 3.80; average in public sources 0.95 mg NO3--N 1-1, s.d. = 1.10). Another case-control study on gastric mucosal changes and nitrate intake from drinking water also used information on nitrate levels in drinking water (Xu et al, 1992) . In this study, the nitrate content in the drinking water was generally high with a mean of 109.6 mg 1-' (range 4.4-497.2 mg 1-1) and it was closely related to histological changes. However, the histological changes were also closely related to the microbiological quality of the dfinking water. Therefore, it is not clear whether these histological changes were due to nitrate or due to microbiological quality.
Our results are partly in line with the findings mentioned above. Most studies on nitrate or nitrite intake from foods reported an effect of adjustment by potential confounders, mainly other dietary constituents. However. in our study adjustment for potential confounders did not change the association between nitrate or nitrite intake and gastric cancer risk substantially. The final conclusions are similar, however no association is found between nitrate or nitrite intake from foods and gastric cancer risk after adjustment for covariates. Although the results from other studies on nitrate intake from drinking water and gastric cancer risk are ambiguous, several studies have suggested that nitrate intake from drinking water is positively associated with gastric cancer risk.
Nevertheless, this seems to be the case only at high nitrate concentrations. Since the nitrate levels in drinking water in the Netherlands are rather low [only 5% of the pumping stations supply drinking water with a nitrate concentration between 25 and 50 mg NO, Matthysen, 1989) ], this can explain why we found no association between nitrate intake from drinking water and gastric cancer risk. Moreover, neither an ecological study that used salivary nitrate and nitrite concentrations as an indicator of nitrate intake nor a cohort study of nitrate fertilizer workers supported the hypothesis that nitrate exposure is associated with a higher gastric cancer risk (Forman et al, 1985; Al-Dabbagh et al, 1986) .
The cohort study has been performed in a large sample of the general population aged 55-69 years at baseline. Follow-up for 6.3 years resulted in the identification of 219 male and 63 female gastric cancer cases, The follow-up of subjects in the subcobort was 100% complete and the completeness of cancer ascertainment is of a high standard, and thus selection bias due to loss to followup is unlikely. Although several known risk factors for gastric cancer were measured and controlled for in the multivariate analyses, residual confounding could still have existed. Besides.
we had no information about the prevalence of Helicobacter pylori infection, which may be an important risk factor for stomach cancer probably through athropic gastritis or chronic inflammation (ForTnan et al, 1991) . The only indication we had for altered stomach conditions was self-reported prevalence of stomach disorders. We have studied the association between nitrate and gastric cancer risk after excluding those who reported any stomach disease that required medical attention (mainly ulcera), with no change in results. However, the association between nitrite intake and gastric cancer risk seems to be weaker after excluding people with stomach disorders.
Another fact that could have influenced the results in misclassification of exposure. The intake of nitrate and nitrite is assessed by combining information on food intake with nitrate and nitrite contents in foods. Food intake is estimated with a semi-quantitative food frequency questionnaire. This questionnaire is able to rank subjects adequately according to the intake of food groups like vegetables, potatoes, fruits, meat products and cheese (Goldbohm et al, 1994) , which constitute the main sources of nitrate and nitrite. Food composition values for nitrate and nitrite were derived from the Dutch databank on contaminants in foods. To avoid incidental peaks in nitrate contents due to weather conditions, we calculated mean nitrate contents in summer and winter. However, a questionnaire may not be a reliable method to ascertain nitrate exposure because of the large variation in nitrate levels that occurs in vegetables (Burning-Fann and Kaneene, 1993) . Besides, very high nitrate and nitrite contents can occur in foods that are stored, prserved or prepared in a specific way (Boeing, 1991) . We have used information about the use of refrigerators and freezers as indicators for storing conditions. Unfortunately, we have no direct information about storing, preservation or preparation. Thlis may result in misclassification of exposure. Although recall bias is no issue in prospective cohort studies, dietary habits might have been changed by symptoms prior to the diagnosis of cancer. We have examined the potential influence of preclinical gastric cancer on nitrate and nitrite intake by excluding cases that occurred in the first year of follow-up. The rate ratios after exclusion were largely similar to those observed for the entire follow-up period.
Given that the latency period of gastric cancer may be decades (Forman, 1989) , one would ideally consider the intake of nitrate and nitrite 20 years before follow-up. Regarding nitrate contents in foods (mainly vegetables), information was only available for the period between 1985 and 1995. During this period nitrate contents were largely similar (KAP, 1997). We do not have exact information about nitrite contents in cured meats 20 years ago. In the United States the content of nitrate and nitrite in cured meats decreased by 75% between 1925 and 1981 (Howson et al, 1986) . Therefore, the intake of nitrite 20 years before follow-up is likely to be greater than our estimation of more recent nitrite intake using data from 1985 to 1989. However, there are no reasons to assume that the categorization of individuals in quintiles of nitrite intake should be different and, therefore. the association between nitrite intake and gastric cancer risk should also be comparable with our current results.
In summary, we found a non-significant inverse association between nitrate intake from foods and gastric cancer risk and no association between nitrate intake from drinking water. Adjustment for potential confounding factors did not substantially change these associations. We did not find a clear association between nitrite intake from foods and gastric cancer risk. Our study, therefore, does not support a positive association between the intake of nitrate or nitrite and gastric cancer risk.
